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ABSTRACT  
The concentration of heavy metals: Lead 
(Pb), Cadmium (Cd), Iron (Fe) and Zinc 
(Zn) in tissues of fin fish from a tidal fish 
farm in Calabar, South East Nigeria, was 
determined. The mean levels of heavy 
metals (µgg
-1
) in gills, muscle tissues, liver 
and intestines of catfish were Pb: 
2.39±1.24; Cd: 0.87±0.83; Fe: 3.96±1.55; 
Zn:  8.15±3.18. Mean levels in Tilapia 
were Pb: 0.035±0.002; Cd: 0.61±0.05; Fe: 
1.09±0.61; Zn: 2.17±0.53. There was no 
significant difference (p<0.05) in tissue 
concentrations of Pb and Cd whereas a 
significant difference (p<0.05) was 
observed between Pb and Zn 
concentrations for both species of fish. 
Concentrations were also higher in liver, 
gills and muscle tissues than the intestines. 
Highest concentrations were observed in 
the liver and gills in both species. 
Generally, higher concentrations were 
observed in liver, gills and muscles of 
Catfish than in Tilapia. Concentrations of 
Pb and Fe in Catfish were significantly 
higher (p<0.05) than the WHO limits, 
while Zn and Cd were lower. Tissue 
concentrations of all the metals in Tilapia 
were however, within the WHO 
recommended limits. The concentrations in 
all the fish tissues were significantly 
higher (p<0.05) than in the surrounding 
water. The observed values in Catfish 
indicate environmental threat to the health 
of the fish and indeed the humans that 
consume them and therefore calls for 
environmental surveillance in the area. 
 
INTRODUCTION 
Fish (both fin fish and shell fish) is the 
main source of dietary protein in the 
coastal areas of Southern Nigeria.  In deed, 
data from the Ministry of Agriculture 
indicate that over 64% of the rural 
communities dwelling in the coastal areas 
live solely on fish as their protein source.  
While over 80% of available food fish in 
this area comes from artisanal fishing from 
natural waters (Moses, 2002), pond fish 
culture has also gained a sizeable degree of 
prominence, especially as the natural 
stocks are being depleted steadily, owing 
to overfishing and severe anthropogenic 
perturbation of the environment.   Indeed, 
the budding aquaculture industry in this 
area is evolving rapidly to cope with the 
short fall in food fish production from the 
wild.  Pond fish culture in this area cuts 
across Freshwater and Brackishwater 
terrains, many of them located in the high 
and low inter tidal zones.  Farmed food 
fish of commercial importance in this area 
include a vast array of species such as the 
African Catfish (Clarias gariepinus, 
Heterobranchus bidorsalis), the Tilapias 
(Oreochromis nitocus, O. mossambicus, 
Tilapia galilea, Tilapia mariae).  
Slapwater (Heterotis niloticus),and Silver 
Catfish (Chrysichthys nigrodigitatus). 
One of the culture systems in the area is a 
Tidal Fish Farm located in Calabar, 
Nigeria. The farm is situated on the bank 
of Anantigha Creek, within the upper 
reaches of Calabar River Estuary (8
000’E 
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and 8
040’E; 4045’N and 50OO’N) in the 
southern outskirts of Calabar city (Fig. 1).  
This zone of the estuary receives 
indiscriminate effluent discharges from 
industries and households within Calabar 
Municipality.   Also, oil spills from the 
offshore and nearshore waters within the 
area get washed into the estuary and 
invariably into the fish farm.  Oil spills and 
Industrial effluents have long been 
established as sources of heavy metal 
pollution in the aquatic environment 
(Udosen et. al., 1990; Harikumar ,2009; 
Asegbeloyin et. al. 2010) 
The hazardous effects of Heavy metals on 
the health of humans and other animals has 
been well established (Udosen, 2000; 
Mohamed and Farshad, 2005; 
Asegbeloyin, 2010).  Incidentally, this 
fishfarm is highly patronized by residents 
of Calabar Metropolis and visitors/tourists. 
The danger of widespread effects of these 
metals on man and the general 
environment therefore calls for 
environmental surveillance. 
MATERIALS AND METHODS 
Fish samples were collected from three 
ponds in the tidal fish farm.  Water and 
sediment samples were also collected from 
the same fish ponds as well as from the 
tidal Creek (Anantigha Creek) for 
laboratory analysis.  The water and 
sediment samples were preserved by 
adding few drops of nitric acid and later 
analyzed according to APHA (1985). 
The length and weight of the fish samples 
were measured and the samples dissected 
to separate muscle and intestine, and 
frozen until ready for digestion.  Each fish 
tissue sub-sample was weighed and dried 
to constant weight at 105
0
C then digested 
according to AOAC (1995).  The levels of 
Pb, Cd, Zn and Fe in the digests were 
determined spectrophotometrically 
(APHA, 1985) using Atomic Absorption 
Spectrophotometer (AAS, model 2380).  
Absorbance for Cadmium, Lead and Zinc 
was read at 518µm, 510µm and 535µm 
respectively, using Dithizone solution 
(APHA, 1985). 
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RESULTS AND DISCUSSION 
The concentrations of Heavy Metals in 
water, sediments and fish samples are 
given in tables 1, 2 and 3. The 
concentrations of all the metals were 
generally higher in the non-edible parts of 
the fish (gills, liver, intestines, gonads and 
eggs) than in the muscle.  This result is in 
consonance with the reports of Yamazaki 
et. al. (1996) and Eister (1981).  There was 
however, no significant difference in 
concentration (p<0.05) between male and 
female tissues.  The present results 
differed from the report of Horsfall et. al. 
(1998) which stated a significantly higher 
concentration of heavy metals in males 
than females of the Mudskipper, 
Periopthalmus papillio 
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Table 1. Concentration of Heavy Metals in Water 
Metal Tidal 
Creek 
Pond 1 Pond 2 Pond 3 
Pb μg/l 25.32 9.61 2.55 5.75 
Cd μg/l 2.71 1.64 0.98 1.01 
Zn mg/l 14.0 8.59 3.46 4.32 
Fe mg/l 0.95 0.72 0.55 0.64 
 
 
Table 2 Concentrations of Heavy Metals in Sediments 
Metal Tidal 
Creek 
Pond 1 Pond 2 Pond 3 
Pb μg/g 8.72 3.89 8.42 6.65 
Cd μg/g 1.79 1.45 1.16 0.83 
Zn mg/g 4.95 1.79 0.18 0.85 
Fe mg/g 6.40 4.35 2.95 1.04 
  
Table 3(a) Concentration of Heavy Metals in Fish Tissues by Species (Males) 
Metal Fish Species 
 Clarias Heterobranchus Heterotis Tilapia 
 Muscle Intestine Muscle Intestine Muscle Intestine Muscle Intestine 
Pb (μg/g) 3.4 5.1 4.0 6.7 1.32 2.61 1.21 2.84 
Cd (μg/g) 0.53 0.88 0.61 0.93 0.25 0.56 0.32 0.79 
Zn (mg/g) 4.02 5.11 3.98 5.56 0.27 0.59 1.48 3.54 
Fe (mg/g) 0.68 1.23 0.84 1.95 0.66 1.35 1.22 3.86 
 
Table 3(b) Concentration of Heavy Metals in Fish Tissues by Species (Females) 
Metal Fish Species 
 Clarias Heterobranchus Heterotis Tilapia 
 Muscle Intestine Muscle Intestine Muscle Intestine Muscle Intestine 
Pb (μg/g) 3.21 5.00 4.11 6.71 1.33 2.41 1.25 2.00 
Cd (μg/g) 0.49  0.87 0.70 0.89 0.25 0.55 0.32 0.79 
Zn (mg/g) 4.00 6.00 4.01 6.14 0.28 0.59 1.48 3.55 
Fe (mg/g) 0.63 1.31 0.65 1.97 0.66 1.36 1.22 3.48 
WHO Permissible Limits for  Potable water (mg/l) :Pb : 2.0; Cd : 2.0;  Zn: 7.0;  Fe: 1.0  ( APHA, 1985; 
Kakulu et.al.,1987) 
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CONCLUSION 
The concentrations of heavy metals in the 
Creek and fish pond water, the sediments 
and the fish tissues were far higher than 
the WHO permissible limits.  The fish 
farm project is a laudable venture in that it 
plays a significant role in contributing 
immensely to the food security 
programmes of the nation.  It is therefore 
pertinent that the Industrial effluents 
discharged into the estuary and Creek 
should be discouraged.  Furthermore, 
clean-up efforts should be stepped up and 
thorough, in the face of the so far 
unavoidable incessant oil spill 
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